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$LU )RUFH 5HVHDUFK /DERUDWRU\

:ULJKW 3DWWHUVRQ $LU )RUFH %DVH� 2KLR
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1DWLRQDO $HURQDXWLFV DQG 6SDFH $GPLQLVWUDWLRQ

*RGGDUG 6SDFH )OLJKW &HQWHU

*UHHQEHOW� 0DU\ODQG
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1\H /XEULFDQWV� ,QF�

1HZ %HGIRUG� 0DVVDFKXVHWWV

$%675$&7

6LODK\GURFDUERQV DUH PHPEHUV RI D UHODWLYHO\ QHZ FODVV

RI OLTXLG OXEULFDQWV ZLWK JUHDW SRWHQWLDO IRU XVH LQ VSDFH

PHFKDQLVPV� 7KH\ DUH XQLPROHFXODU VSHFLHV FRQVLVWLQJ

RI VLOLFRQ� FDUERQ� DQG K\GURJHQ� 7KH\ SRVVHVV XQLTXH

ZHDU� YLVFRVLW\� DQG YRODWLOLW\ SURSHUWLHV ZKLOH UHWDLQLQJ

WKH DELOLW\ WR VROXELOL]H FRQYHQWLRQDO DGGLWLYHV� 7KH

WULERORJLFDO SURSHUWLHV RI VHYHUDO PHPEHUV RI WKLV FODVV�

LQFOXGLQJ WUL�� WHWUD� DQG SHQWD�FRPSRXQGV� DUH

SUHVHQWHG� 7KHVH SURSHUWLHV LQFOXGH� YLVFRVLW\�

WHPSHUDWXUH �$670 '����� YLVFRVLW\�SUHVVXUH

FRHIILFLHQW� YDSRU SUHVVXUH� YRODWLOLW\� OXEULFDQW OLIHWLPHV�

WUDFWLRQ� UHFLSURFDWLQJ DQG IRXU EDOO ZHDU UDWHV DQG

EHDULQJ SHUIRUPDQFH� /XEULFDQW OLIHWLPHV ZHUH

GHWHUPLQHG XVLQJ D YDFXXP EDOO EHDULQJ VLPXODWRU� WKH

VSLUDO RUELW WULERPHWHU �627�� :HDU ZDV PHDVXUHG XVLQJ

D &DPHURQ 3OLQW UHFLSURFDWLQJ WULERPHWHU DQG ZHDU UDWHV

ZLWK D YDFXXP IRXU EDOO WULERPHWHU� &RQYHQWLRQDO

YLVFRPHWU\ ZDV XVHG IRU YLVFRVLW\�WHPSHUDWXUH

PHDVXUHPHQWV DQG D .QXGVHQ FHOO IRU YDSRU SUHVVXUH�

9DFXXP7KHUPRJUDYLPHWULF $QDO\VLV �7*$� ZDV DOVR

XVHG IRU YRODWLOLW\ PHDVXUHPHQWV� 3UHVVXUH YLVFRVLW\

FRHIILFLHQWV �α YDOXHV� ZHUH HVWLPDWHG IURP (+/ ILOP

WKLFNQHVV PHDVXUHPHQWV� 7UDFWLRQ FRHIILFLHQWV ZHUH

PHDVXUHG ZLWK D WZLQ GLVN WUDFWLRQ ULJ� %HDULQJ WHVWV

ZHUH SHUIRUPHG LQ D YDFXXP EHDULQJ WHVW IDFLOLW\� 7KHVH

SURSHUWLHV DUH FRPSDUHG WR H[LVWLQJ VWDWH�RI�WKH�DUW

VSDFH OXEULFDQWV�

,1752'8&7,21

0DQ\ PHFKDQLFDO DVVHPEOLHV XVHG LQ VSDFH UHO\ RQ

OLTXLGV WR SURYLGH OXEULFDWLRQ WKURXJKRXW WKHLU PLVVLRQ

OLIHWLPHV�

7KH PDMRULW\ RI FXUUHQW DSSOLFDWLRQV XVH PLQHUDO RLOV�

SRO\DOSKDROHILQV �3$2�� SHUIOXRURSRO\DON\OHWKHUV

�3)3$(�� RU V\QWKHWLF K\GURFDUERQV� )RU D PRUH GHWDLOHG

GHVFULSWLRQ RI HDFK RI WKHVH FODVVHV RI OXEULFDQWV� VHH

5HIHUHQFH �� 5HFHQWO\� D UHODWLYHO\ QHZ FODVV RI

OXEULFDQWV� WKH VLODK\GURFDUERQV� FRQWDLQLQJ RQO\ VLOLFRQ�

FDUERQ� DQG K\GURJHQ KDYH EHHQ GHYHORSHG �� WR ���

6LODK\GURFDUERQV DUH XQLPROHFXODU� KDYH H[FHSWLRQDOO\

ORZ YRODWLOLW\� KLJK YLVFRVLW\ LQGLFHV DQG DUH DYDLODEOH LQ D

ZLGH UDQJH RI YLVFRVLWLHV� 7KHUH DUH WKUHH W\SHV� WUL�

WHWUD� DQG SHQWD� EDVHG RQ WKH QXPEHU RI VLOLFRQ DWRPV

SUHVHQW LQ WKH PROHFXOH� $GGLWLRQDOO\� VLODK\GURFDUERQV

FDQ DFFHSW FRQYHQWLRQDO OXEULFDQW DGGLWLYHV�

(;3(5,0(17$/

0$7(5,$/6

6L[ GLIIHUHQW VLODK\GURFDUERQ PDWHULDOV ZHUH WHVWHG�

7KHVH LQFOXGHG D WUL� WKUHH WHWUDV DQG WZR SHQWDV�

6WUXFWXUHV DQG GHVLJQDWLRQV DUH VKRZQ LQ 7DEOH �� 7KH

WKUHH WHWUDVLODV �6L+&�� WR �� ZHUH V\QWKHVL]HG DW WKH $LU
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%DVH� 2+� 7KH WZR SHQWDV �0-'������ DQG
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1HZ %HGIRUG� 0$� )LQDOO\� WKH WUL ��������� DQG WHWUD

���������� ZHUH SUHSDUHG DW 7HFKQROXEH 3URGXFWV�

/RV $QJHOHV� &$�

7DEOH � ² 6WUXFWXUH RI 6LODK\GURFDUERQV
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9LVFRVLW\�7HPSHUDWXUH

&RQYHQWLRQDO YLVFRPHWU\ ZDV XVHG WR PHDVXUH YLVFRVLW\

DW WZR WHPSHUDWXUHV� ���& DQG ���&� $670 YLVFRVLW\

YHUVXV WHPSHUDWXUH SORWV ��� IRU D VHULHV RI

VLODK\GURFDUERQV DSSHDU LQ )LJXUH �� $ VWDWH�RI�WKH�DUW

VSDFH OXEULFDQW �3HQQ]DQH 3����$� DSSHDUV IRU

FRPSDULVRQ� 9LVFRVLW\ DQG YLVFRVLW\ LQGH[ �9,� DSSHDU LQ

7DEOH �� 9LVFRVLW\ GDWD H[WUDSRODWHG WR ���°& LOOXVWUDWHV

WKH DGYDQWDJH WKDW VLODK\GURFDUERQV SRVVHVV DW ORZ

WHPSHUDWXUHV FRPSDUHG WR FRQYHQWLRQDO VSDFH

OXEULFDQWV� VXFK DV 3HQQ]DQH ����$�
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)LJXUH � ² .LQHPDWLF YLVFRVLW\ DV D IXQFWLRQ RI WHPSHUDWXUH IRU D VHULHV

RI VLODK\GURFDUERQV ���

7DEOH � ² 3K\VLFDO SURSHUWLHV RI WHVW IOXLGV

.LQHPDWLF 9LV� �F6�

'HVLJQDWLRQ ����& ���& ����&
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 ([WUDSRODWHG

9LVFRVLW\�3UHVVXUH

)LOP WKLFNQHVV ��� DV D IXQFWLRQ RI VSHHG DW ���& IRU D WUL

DQG D SHQWDVLODK\GURFDUERQ DSSHDUV LQ )LJXUH ��

(IIHFWLYH SUHVVXUH�YLVFRVLW\ FRHIILFLHQWV IRU WKHVH WZR

IOXLGV ZHUH HVWLPDWHG WR EH �� ± ��� DQG �� ± ��� *SD��

DW ��°& DQG �� ± � DQG ���� ± � DW ��°&� UHVSHFWLYHO\�
)RU FRPSDULVRQ� 3HQQ]DQH ����$ KDV SUHVVXUH�

YLVFRVLW\ FRHIILFLHQWV RI �� DW ���& DQG ��� DW ���&

PHDVXUHG E\ WKH VDPH WHFKQLTXH�

)LJXUH � ² (ODVWRK\GURG\QDPLF SURSHUWLHV IRU D WUL� DQG

SHQWDVLODK\GURFDUERQ DW ���& ���

9DSRU 3UHVVXUH DQG 9RODWLOLW\

9DSRU SUHVVXUH ZDV PHDVXUHG ZLWK D .QXGVHQ FHOO ��� DW

WKUHH WHPSHUDWXUHV� �������� DQG ���°&� 7KH ORJ RI WKH

YDSRU SUHVVXUH DV D IXQFWLRQ RI WKH UHFLSURFDO DEVROXWH

WHPSHUDWXUH DSSHDU LQ )LJXUH �� ([WUDSRODWHG YDOXHV WR

URRP WHPSHUDWXUH DSSHDUV LQ 7DEOH �� 9DOXHV IRU

3HQQ]DQH 3����$ DQG 3)3$( ���= DUH VKRZQ IRU

FRPSDULVRQ�
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)LJXUH � ² 9DSRU SUHVVXUH �3D� RI WHVW IOXLGV

7DEOH � ² 9DSRU SUHVVXUHV �3D� RI WHVW IOXLGV DW WKUHH

WHPSHUDWXUHV DQG H[WUDSRODWHG YDOXHV DW ���& ���

'HVLJQDWLRQ ����& ����& ����& ���&

3����$ ���H�� ���H�� ���H�� ���H���
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 ([WUDSRODWHG UHVXOWV DW ���&

9DSRU SUHVVXUH LV FDOFXODWHG E\ PHDVXULQJ WKH UDWH DW

ZKLFK PROHFXOHV LQ D V\VWHP DW HTXLOLEULXP HIIXVH

WKURXJK DQ RSHQLQJ WR D YDFXXP ��� DW YDULRXV

WHPSHUDWXUHV� )RU WKHVH WHVWV� WKH IROORZLQJ FRQGLWLRQV

ZHUH XVHG� WKUHH WHPSHUDWXUHV ����� ��� DQG ���°&�� D
YDFXXP OHYHO RI OHVV WKDQ ���� 3D� DQG DQ RULILFH

GLDPHWHU RI ���� FP� 9DSRU SUHVVXUH LV FDOFXODWHG XVLQJ

WKH /DQJPXLU HTXDWLRQ ����

9RODWLOLW\ ZDV PHDVXUHG YLD YDFXXP WKHUPRJUDYLPHWULF

DQDO\VLV �7 � DW �� 3D� 7 GDWD IRU VLODK\GURFDUERQ

�6L+&��� ��� DSSHDUV LQ )LJXUH � FRPSDUHG WR D VHULHV RI

FRQYHQWLRQDO VSDFH OXEULFDQWV� 7 UHIHUV WR WKH

WHPSHUDWXUH DW ZKLFK RQH KDOI RI WKH IOXLG ZHLJKW LV ORVW�
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)LJXUH � ² 9RODWLOLW\ RI FDQGLGDWH VSDFH OXEULFDQW EDVH RLOV ���

7UDFWLRQ FKDUDFWHULVWLFV ���� DV D IXQFWLRQ RI VOLGH�UROO

UDWLR IRU WZR K\GURFDUERQ EDVHG OXEULFDQWV DQG D

VLODK\GURFDUERQ �6L+&��� DSSHDU LQ )LJXUH �� $V FDQ EH

VHHQ� WKH VLODK\GURFDUERQ \LHOGV D ORZHU WUDFWLRQ

FRHIILFLHQW WKDQ D FRQYHQWLRQDO SRO\DOSKDROHILQ RU

SDUDIILQLF PLQHUDO RLO�

)LJXUH � ² 7UDFWLRQ GDWD IRU EDVH RLOV ���

63,5$/ 25%,7 75,%20(7(5

7KH 1$6$ VSLUDO RUELW WULERPHWHU �627�� ZDV XVHG WR

SHUIRUP DFFHOHUDWHG OLIH WHVWLQJ RQ VHYHUDO

VLODK\GURFDUERQV� 7KH 627 VLPXODWHV DQ DQJXODU FRQWDFW

EHDULQJ XQGHU ERXQGDU\ OXEULFDWLRQ FRQGLWLRQV� ZLWK

VLPLODU VWUHVV OHYHOV� UROOLQJ DQG SLYRWLQJ PRWLRQV DW URRP

WHPSHUDWXUH�

7KH 627 LV VKRZQ LQ GHWDLO LQ )LJXUH �� ,W FRQVLVWV RI WZR

IODW SODWHV� ZKLFK VLPXODWH EHDULQJ UDFHZD\V� ZLWK D

7UDFWLRQ
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VLQJOH ���� PP ���� LQ�� EDOO VDQGZLFKHG EHWZHHQ WKHP�

7KH ORZHU SODWH LV IL[HG DQG WKH WRS SODWH LV URWDWHG DW

a��� 530� 'XULQJ URWDWLRQ� WKH EDOO PRYHV LQ D VSLUDO

RUELW� 7KLV PRWLRQ ZRXOG HYHQWXDOO\ FDXVH WKH EDOO WR IDOO

IURP EHWZHHQ WKH UDFHZD\V� $ WKLUG SODWH� FDOOHG WKH

JXLGH SODWH� LV XVHG WR UHWXUQ WKH EDOO WR LWV RULJLQDO RUELW

GLDPHWHU HYHU\ UHYROXWLRQ� 7KH IRUFH WKH EDOO H[HUWV RQ

WKH JXLGH SODWH LV PHDVXUHG DQG FDQ EH UHODWHG WR IULFWLRQ

FRHIILFLHQW�

)LJXUH � ² 7KH VSLUDO RUELW WULERPHWHU

$FFHOHUDWHG WHVWLQJ LV DFKLHYHG E\ OLPLWLQJ WKH DPRXQW RI

OXEULFDQW DYDLODEOH GXULQJ WKH WHVW� 3ULRU WR WKH WHVW� RQO\

WKH EDOO LV OXEULFDWHG ZLWK a�� µJ RI RLO� 'XULQJ WKH WHVW�

DOO RI WKH RLO LV FRQVXPHG� HYHQWXDOO\ OHDGLQJ WR DQ

LQFUHDVHG IULFWLRQ FRHIILFLHQW� )DLOXUH LV GHILQHG DV WKH

SRLQW ZKHQ WKH IULFWLRQ FRHIILFLHQW H[FHHGV D

SUHGHWHUPLQHG YDOXH ����� LQ WKLV FDVH�� /LIHWLPH LV

GHILQHG DV WKH QXPEHU RI EDOO RUELWV WR IDLOXUH GLYLGHG E\

WKH DPRXQW RI OXEULFDQW RQ WKH EDOO� $ FRPSOHWH

GHVFULSWLRQ RI WKH WULERPHWHU FDQ EH IRXQG LQ 5HIHUHQFH

�� DQG PDQ\ RWKHU VWXGLHV LW ZDV XVHG IRU DUH GHVFULEHG

LQ 5HIHUHQFH ���

)RU WKHVH WHVWV� DOO RI WKH SDUWV ZHUH PDGH IURP

KDUGHQHG $16, ���& VWDLQOHVV VWHHO� 7KH SODWHV ZHUH

SROLVKHG WR D VXUIDFH URXJKQHVV RI OHVV WKDQ � µP� $OO

SDUWV ZHUH VHTXHQWLDOO\ FOHDQHG LQ DQ XOWUDVRQLF EDWK IRU

ILYH PLQXWHV XVLQJ WKH IROORZLQJ VROYHQWV� KH[DQH�

PHWKDQRO� DQG GLVWLOOHG ZDWHU� 7KH\ ZHUH WKHQ ULQVHG D

ILQDO WLPH LQ PHWKDQRO DQG WUHDWHG IRU �� PLQXWHV LQ D

89�R]RQH ER[ >��@� 7KH SDUWV ZHUH UHPRYHG� WKH EDOO

OXEULFDWHG� DQG WKHQ LQVWDOOHG LQ WKH WULERPHWHU� 7HVWV

ZHUH FRQGXFWHG XVLQJ D PHDQ +HUW]LDQ VWUHVV RI

��� *3D� URRP WHPSHUDWXUH �a���&�� D YDFXXP � ��� [

���� 3D� DQG D URWDWLRQDO VSHHG RI ��� 530� 5HODWLYH

OLIHWLPHV IRU D VHULHV RI VSDFH OXEULFDQWV DSSHDU LQ

)LJXUH ��

(QHUJ\ GLVVLSDWLRQ GXULQJ WKH UROOLQJ�VOLGLQJ RI WKH EDOO

DJDLQVW WKH SODWHV LV WKH GULYLQJ IRUFH EHKLQG OXEULFDQW

GHJUDGDWLRQ LQ WKH 627� 6HYHULW\ LV WKH WHUP XVHG WR

GHVFULEH WKH WRWDO HQHUJ\ GLVVLSDWLRQ SHU XQLW WLPH� $

GHWDLOHG DQDO\VLV RI HQHUJ\ ORVV LQ WKH 627 DSSHDUV LQ

5HIHUHQFH �� DQG RI WKH UROH RI VHYHULW\ LQ OXEULFDQW

GHJUDGDWLRQ LQ 5HIHUHQFH ���
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5(&,352&$7,1* 75,%20(7(5

:HDU WHVWV ZHUH FRQGXFWHG LQ D PRGLILHG UHFLSURFDWLQJ

WULERPHWHU� ZKLFK LV IXOO\ GHVFULEHG LQ 5HIHUHQFH ���

&RQGLWLRQV DUH DV IROORZV� ����&� D � PP VWURNH� � +]�

� KRXUV� � PO WHVW IOXLG� DQG D GU\ QLWURJHQ SXUJH� 7KH

WHVW VSHFLPHQ ZDV D � PP GLDPHWHU [ � PP ORQJ UROOHU

EHDULQJ SLQ ZLWK EOHQGHG FURZQ HQGV PDGH IURP $16,

����� VWHHO� 7KH SLQ FRQWDFWHG DQ $16, ����� VWHHO

GLVN� ZLWK D ��� 1 ORDG� \LHOGLQJ D PD[LPXP +HUW]LDQ

VWUHVV RI ��� *3D� 7KH GLVNV ZHUH SROLVKHG WR D VXUIDFH

URXJKQHVV RI ���� WR ���� PLFURQV� 7KH ZHDU VFDUV

ZHUH RYDO DQG WKH DUHD ZDV FDOFXODWHG XVLQJ WKH

IROORZLQJ�
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:KHUH /  WKH WUDFN OHQJWK DQG :  WKH WUDFN ZLGWK� 7KH

DYHUDJH DUHD ZDV ���� PP� )25 6L+&�� FRPSDUHG WR

���� PP� IRU 3HQQ]DQH ����$� 7KHUHIRUH� WKH

XQIRUPXODWHG VLODK\GURFDUERQ \LHOGHG D ORZHU ZHDU VFDU

WKDQ XQIRUPXODWHG 3HQQ]DQH�
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:HDU WHVWV ZHUH FRQGXFWHG LQ D YDFXXP IRXU�EDOO

WULERPHWHU� 7KH WULERPHWHU XVHV D VWDQGDUG IRXU�EDOO

FRQILJXUDWLRQ� EXW XVHV ��� PP ����µ� GLDPHWHU� $,6,

���& VWDLQOHVV VWHHO EDOOV� 7KH WHVW FRQGLWLRQV ZHUH D

YDFXXP � � [ ���� 7RUU� ��� 1 ORDG� ��� 530� DQG

URRP WHPSHUDWXUH� 8QGHU WKHVH FRQGLWLRQV� WKH

WHVW RSHUDWHV LQ WKH ERXQGDU\ OXEULFDWLRQ PRGH� $

FRPSOHWH GHVFULSWLRQ RI WKLV GHYLFH DSSHDUV LQ 5HIHUHQFH

��� :HDU UDWHV IRU VHYHUDO VSDFH OXEULFDQWV DSSHDU LQ

)LJXUH ��

1.0E-11

1.0E-10

1.0E-09

1.0E-08

3
H
Q
Q
]
D
Q
H

�
�
�
�
$

=
�
�

�
�
�
=

�
��
�
��
�

�
��
�
��
�
�

0
-
'
�
�
�
�
�
�

PFPAE Silahydrocarbon

)LJXUH � ² 9DFXXP ��%DOO UHVXOWV RI VHYHUDO VSDFH OXEULFDQWV DW URRP

WHPSHUDWXUH

9$&880 %($5,1* 7(676

7KH EHDULQJ WHVW IDFLOLW\ XVHG IRU WKHVH H[SHULPHQWV LV

VKRZQ LQ )LJXUH � ����� 7KH IDFLOLW\ XVHV D VLQJOH

DQJXODU FRQWDFW EHDULQJ� ZKLFK FDQ EH URWDWHG IURP

������ 530� 7KH EHDULQJ FDQ EH KHDWHG WR ����&� 7R

GHWHUPLQH ZKDW OXEULFDWLRQ UHJLPH WKH EHDULQJ LV

RSHUDWLQJ LQ� FURVV�EHDULQJ UHVLVWDQFH LV DOVR PRQLWRUHG�

7KH ULJ DOVR PRQLWRUV EHDULQJ WRUTXH DQG D[LDO ORDG�

)RU WKHVH WHVWV� D VWDQGDUG 03% ���� EHDULQJ ZDV XVHG

ZLWK �� PJ RI IUHH RLO� ,W KDV $16, ���& VWDLQOHVV VWHHO

EDOOV DQG UDFHZD\V� 7KH EHDULQJ ZDV RSHUDWHG DW

��� 530� ���&� DQG ZLWK D �� OE D[LDO ORDG IRU

DSSUR[LPDWHO\ ���� KRXUV DW D YDFXXP OHYHO RI ���� 3D�

8QGHU WKHVH FRQGLWLRQV� WKH EHDULQJ VKRXOG RSHUDWH LQ

WKH HODVWRK\GURG\QDPLF UHJLPH IRU WKH WKUHH WHVW IOXLGV�

)LJXUH � ² %HDULQJ WHVW IDFLOLW\

7KHVH ORQJ�WHUP ����� KRXUV�� HOHYDWHG WHPSHUDWXUH

WHVWV ZHUH SHUIRUPHG ZLWK D SHQWDVLODK\GURFDUERQ

�VWUXFWXUH VLPLODU WR 0-'�������� 3HQQ]DQH 3����$�

DQG .U\WR[ ���$%� $OO IOXLGV ZHUH XQIRUPXODWHG� 7KH

.U\WR[ ���$% EHDULQJ ZDV ¶GU\· DQG VKRZHG VLJQLILFDQW

DPRXQWV RI OXEULFDQW GHJUDGDWLRQ XSRQ FRPSOHWLRQ RI WKH

WHVW� %RWK WKH SHQWDVLODK\GURFDUERQ DQG 3HQQ]DQH

OXEULFDWHG EHDULQJV VKRZHG QR VLJQV RI GHJUDGDWLRQ DQG

VWLOO KDG DPSOH IUHH RLO UHPDLQLQJ DW WHVW FRQFOXVLRQ�

3RVW�WHVW EHDULQJ FRQGLWLRQ LV LOOXVWUDWHG LQ )LJXUH �� IRU

WKH SHQWDVLODK\GURFDUERQ EDVH IOXLG�

)LJXUH �� ² %HDULQJ XSRQ FRPSOHWLRQ RI ����� KRXU WHVW LQ WKH EHDULQJ

WHVW IDFLOLW\ �3HQWDVLODK\GURFDUERQ� ���&� ��� 530� ����3D�
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�� 6LODK\GURFDUERQ IOXLGV DUH QRZ FRPPHUFLDOO\

DYDLODEOH IURP 1\H /XEULFDQWV� ,QF� LQ D YDULHW\ RI

PROHFXODU VWUXFWXUHV DQG PROHFXODU ZHLJKWV

UHVXOWLQJ LQ ORZHU DQG KLJKHU YLVFRVLWLHV

FRPSDUHG WR 3HQQ]DQH 3����$� $OVR�

VLODK\GURFDUERQV RIIHU LPSURYHG ORZ

WHPSHUDWXUH IOXLGLW\ DV FRPSDUHG WR 3HQQ]DQH�

�� 7\SLFDOO\� VLODK\GURFDUERQV \LHOG SUHVVXUH�

viscosity coefficients (•) substantially greater 
WKDQ 3HQQ]DQH� ZKLFK ZLOO UHVXOW LQ WKLFNHU (+/

ILOPV�

�� 0DQ\ RI WKH VLODK\GURFDUERQ VWUXFWXUHV KDYH

YDSRU SUHVVXUHV FRPSDUDEOH WR 3HQQ]DQH EXW DOO

DUH DW OHDVW DQ RUGHU RI PDJQLWXGH JUHDWHU WKDQ

WKH JROG VWDQGDUG IRU VSDFH OXEULFDWLRQ ����=��

�� ,Q JHQHUDO� VLODK\GURFDUERQV SURYLGH ORZHU

WUDFWLRQ FKDUDFWHULVWLFV FRPSDUHG WR SDUDIILQLF

PLQHUDO RLOV RU 3$2V ZKLFK ZLOO UHVXOW LQ ORZHU

SRZHU ORVVHV LQ PHFKDQLFDO FRPSRQHQWV LQ

VSDFH�

�� 5HODWLYH OLIHWLPHV LQ YDFXXP PHDVXUHG LQ D EDOO

EHDULQJ VLPXODWRU �627� ZHUH DERXW ��� WKH OLIH

RI 3HQQ]DQH� EXW DQ RUGHU RI PDJQLWXGH JUHDWHU

WKDQ 3)3$(V ����= DQG =����

�� )URP YDFXXP IRXU EDOO ZHDU PHDVXUHPHQWV� D

VLODK\GURFDUERQ \LHOGHG D ZHDU UDWH FRPSDUDEOH

WR 3HQQ]DQH DQG WZR RUGHUV RI PDJQLWXGH OHVV

WKDW 3)3$(V�

�� 5HFLSURFDWLQJ ZHDU WHVWV LQ GU\ QLWURJHQ VKRZHG

LPSURYHG UHVXOWV ZLWK D VLODK\GURFDUERQ DV

FRPSDUHG WR 3HQQ]DQH�

�� $ ���� KRXU YDFXXP EHDULQJ WHVW DW ��& ZLWK D

SHQWDVLODK\GURFDUERQ �VWUXFWXUH VLPLODU WR

0-'������� \LHOGHG VXSHULRU UHVXOWV FRPSDUHG

WR D 3)3$( �.U\WR[ ��� $%� DQG FRPSDUDEOH

UHVXOWV WR 3HQQ]DQH�

',6&866,21

7KH UHVXOWV RI WKH DERYH WHVWV LQGLFDWH WKDW WKH

VLODK\GURFDUERQ FODVV RI OLTXLG OXEULFDQWV FRPSDUH

IDYRUDEO\ LQ PRVW DUHDV WR FXUUHQW VSDFH OXEULFDQWV� VXFK

DV 3HQQ]DQH 3����$ DQG &DVWURO ���= DQG LQ VRPH

DUHDV VXUSDVV WKHVH VWDWH�RI�WKH�DUW PDWHULDOV�

6LODK\GURFDUERQ EDVHG OXEULFDQWV FDQ DOVR EH IRUPXODWHG

ZLWK DQWLZHDU DGGLWLYHV DQG ZRUN ZLWK FRPPHUFLDO

DGGLWLYHV LV RQJRLQJ� ,W LV H[SHFWHG WKHVH DGGLWLYHV ZLOO

IXUWKHU LPSURYH VLODK\GURFDUERQ ZHDU FKDUDFWHULVWLFV�

&XUUHQWO\� D YDFXXP OLIH WHVW LV XQGHUZD\ RQ LQVWUXPHQW

VFDQQHU EDOO EHDULQJV DW /RFNKHHG 0DUWLQ 0LVVLOHV DQG

6SDFH XVLQJ D IRUPXODWHG WHWUDVLODK\GURFDUERQ �6L+&����

/LIH WHVW GHWDLOV DSSHDU LQ 5HIHUHQFH ���

&21&/86,21

7KH VLODK\GURFDUERQ FODVV RI OXEULFDQWV DUH QRZ

FRPPHUFLDOO\ DYDLODEOH DQG VKRXOG EH FRQVLGHUHG DV D

YLDEOH DOWHUQDWLYH IRU IXWXUH OXEULFDWLRQ UHTXLUHPHQWV IRU

VSDFH PHFKDQLVPV� SDUWLFXODUO\ IRU ORZ WHPSHUDWXUH

DSSOLFDWLRQV�
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Silahydrocarbons are members of a relatively new class of liquid lubricants with great potential for use in space mecha-
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volatility properties while retaining the ability to solubilize conventional additives. The tribological properties of several
members of this class, including tri-, tetra- and penta-compounds, are presented. These properties include: viscosity-
temperature (ASTM D446), viscosity-pressure coefficient, vapor pressure, volatility, lubricant lifetimes, traction, recipro-
cating and four ball wear rates and bearing performance. Lubricant lifetimes were determined using a vacuum ball bearing
simulator, the spiral orbit tribometer (SOT). Wear was measured using a Cameron Plint reciprocating tribometer and wear
rates with a vacuum four ball tribometer. Conventional viscometry was used for viscosity-temperature measurements and a
Knudsen cell for vapor pressure. VacuumThermogravimetric Analysis (TGA) was also used for volatility measurements.
Pressure viscosity coefficients (a values) were estimated from EHL film thickness measurements. Traction coefficients
were measured with a twin disk traction rig. Bearing tests were performed in a vacuum bearing test facility. These proper-
ties are compared to existing state-of-the-art space lubricants.
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